The binary systems of plutonium with the remaining elements are more complex. ' Carbon, thulium, manganese, and rhenium all react to form compounds, and both titanium and zirconium form solid solutions with plutonium in the temperature range of Interest.
In this section, the studies of the simple euteetictype systems will be reviewd and calculations of the partial molar enthalpies and entropies of the more complex systems will be considered in detail.
B. DISCUSSION
The general equation Table I . These comp^ients may be classified as pure element (simple eutectic-type binary) , compound, and solid solution. The titanium-plutonium system is quite complex. Below 770°C, solid solution ,3-Ti Is found in c-Pu; a perit°ctic point occurs at 770 C, and above 770°C, Pu is soluble in£-Ti.
The equilibrium expression for all these systems should be
where R is the gas constant, N is the mole fraction of solute in a saturated solution at absolute temperature T, _ # AS Is the partial molar entropy of solution, and AH £ is the partial molar enthalpy of solution of solute i. For
Eq. (2) to be valid, it will be assumed that the heat capacities of supercooled liquid solute and solid solute at a given temperature are equivalent. The reference state for the solute in each case will be taken as pure, supercooled liquid solute at the temperature of interest.
Empirical Approach
The enthalpies and entropies of solution of the 
2_. Regular Solution Approach
The secono approach employed is regular solution theory. In this approach, the excess entropy of solution is assumed to be negligi! !e. For elements that form simple eutectic-type binaries, and for which the entropy of fusion is estimated to be 2.3 e. u., Eq. (2) becomes R In N. = 2.3 -
This eyuatk/n was used with the solubility data to calculate enthalpies of solution. Results for tungsten, tantalum, niobium, vanadium, molybdenum, and chromium are given in Table III . The correction factors that are due to increasing concentration of solute with temperature are minor and will be omitted. These enthalpies are internally consistent throughout the 700 to 1000 0 temperature range. Standard deviations in the calculated values averaged less than 0.1 kcal/mole. 7 Hildebrand and Scott proposed solubility parameters (6) for binary systems. These constants, which are based upon the values of cohesive densities of the elements, are characteristic of each element and can be applied to calculate a theoretical solubility value. Conversely, an experimental parameter can be calculated if the solubility is known. For these simple eutectictype systems, experimental solubility parameters were determined by calculating the enthalpies, assuming that 6p u is 81, and applying the equation
where V is the molar volume oi solute 1. Results are given in Table III . These parameters averaged 0.84 8 ± 0. 04 of the theoretical values.
3.

Enthalpies of Elements Which Form Compounds:
with Plutonium Carbon, thulium, manganese, and rhenium form 4 5 compounds with plutoniura. ' The "-eferenee state for these systems will still be the pure, supercooled liquid element at the temperature of interest. The series of reactions at a given temperature may then be expressed in steps as (6) xA (s) +y Pu(Jt)-A Pu (8), and A Pu (s) + Pu(i)~Pu<4, sat'dwithA). (7) x y These steps indicate that the overall reaction is analogous to that of the simple' eutectic-type binary system if essentially no interatomic bonding remains in the solution. The assumption will be made that the solute, at least in dilute solution, in randomly distributed.
Plots of the logarithm of the solubility (in atom percent solute) against the reciprocal of the absolute temperature are presented for these elements in Figs. 1 through 4. These plots are linear, which indicates that equations having the form of Eqs. (2) and (3) are valid. The equations from the least-squares treatment of the solubility data were used to draw the lines in these figures. ' ata for the manganese system were limited to three temperatures: 850, 950, and 1000 C. The concentration of manganese is high in these solutions, and correction factors would be large. Extrapolations beyond this temperature range may not be valid. The enthalpies and entropies calculated by the least-squares method are given in Table II . Entropies range from 0.89 to 6. 90 e. u. Enthalpies are from 9.0 to 10.5 kcal/mole. Equation (3) was applied to the solubility data to test the regular solution theory. Results are shown as a function of temperature in Table IV . The correction factor due to the increasing solute concentrations, except for manganese, averages about 5% and was not applied. There Is no evidence of temperature dependence regular solution theory should be applicable if a correction term for the entropy change from pure, supercooled solute to the solid solution state is applied.
The correction factor for changes in activity coefficients with concentration should be approximately equal for these solutions because solubilities are approximately the same in both solid and liquid. The plots of the logarithm of the solubility in liquid plutonium against the reciprocal temperature are shown in Figs. 5 and 6. The plots are linear, and the lines represent the leastsquares, best-fit equation computed with the data. The change in slope for titanium at 770°C is represented by the broken vertical line in Fig. 6 . The constants obtained for Eq. (2) by least-squares treatment of data are given in Table H . The entropy terms for zirconium and for titanium below the peritectic are large. There is a definite change in entropy and enthalpy values at the peritectic isotherm. solute from the solubility data published in these studies.
Selected Elements in Liquid Tin
Darby and Jugle recently measured the solubilities of titanium, vanadium, chromium, iron, and cobalt in liquid tin from 500 to 950°C. Four of these elements form stable intermediate intermetallic compoui.ds with tin; the fifth, chromium, forms a simple 14 eutectic-type binary system with tin.
Therefore, the approaches applied to plutonium systems should be valid.
Calculations based upon this data are summarized in Table VI . In the empirical approach, once again, large 
where A and B are constants. These equations were constructed by least-squares analyses of the data. 
III. CONCLUSIONS
The regular solution model appears to fit a variety of dilute systems. These include not only the rather simple eutectic-type binaries, but more complex sys- 
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